Gastric cancer (GC) is the third leading cause of cancer-related deaths worldwide. GC stem-like cells (GCSCs), with unlimited self-renewal, differentiation, and tumor-regenerating capacities, contribute significantly to the refractory features of GC and have gained increasing attention for their role in GC drug resistance, relapse, and metastasis. Therapies targeting GCSCs seem to be one of the most promising methods to improve the outcomes of GC patients. Extensive investigations have attempted to outline the regulatory mechanisms in GCSCs and to develop GCSCs-targeting therapies with which to diminish GC drug resistance, metastasis and relapse. To the best of our knowledge, there is a lack of reviews summarizing these studies. In this review, we systematically recapitulated findings regarding the regulatory mechanisms of GCSCs, as well as therapies that target GCSCs, hoping to support the development of prognostic biomarkers and GCSCs-targeting anticancer therapies in GC.
INTRODUCTION
Gastric cancer (GC) is one of the five most common malignancies and the third leading cause of cancer mortality worldwide. 1 Multidisciplinary treatment has been applied to improve prognosis of patients with advanced stage GC. 2 Despite the great progress achieved in treatment, the prognosis of GC patients remains poor, primarily because of frequent relapse, metastasis, and drug resistance; the 5-year overall survival rate of patients with advanced GC is at approximately 25%. 3 Thus, further investigations of critical mechanisms in GC relapse, metastasis, and drug resistance are imperative. Recently, cancer stem cell hypotheses are attracting increasing attention, and research suggests that cancer stem-like cells (CSCs) contribute to tumor aggressiveness, metastasis, chemotherapy resistance, and relapse. 4 CSCs possess the abilities of self-renewing and differentiating into multiple lineages. 5 Since the first identification of CSCs in acute myeloid leukemia, numerous studies have identified the existence of CSCs in breast, brain, and several other types of solid tumors, including GC. [6] [7] [8] [9] [10] In GC, cancer drug resistance, metastasis, and recurrence may be majorly attributed to GC stem-like cells (GCSCs). 11 Circulating tumor cells (CTCs) could be considered as progenitors of cancer metastasis and relapse, especially CTCs with stem cell-like properties. In GC, the presence of CD44+ CTCs has been shown to be significantly associated with tumor metastasis and relapse, indicating that CD44+ GC CTCs could act as a prognosis predictor in GC. 12 Besides this, stemness-associated genes also appear to be prognostic markers for GC. For example, CD44 shares a positive correlation with malignant transformation, TNM grading, remote metastasis, and relapse of GC, and could act as an independent prognosis factor for GC. 13 miR-501-5p, which is crucial in maintaining stemness properties of GCSCs, shares a negative correlation with overall survival of GC patients, demonstrating the potential application of miR-501-5p as a prognosis predictor.
14 Some preclinical studies have proposed the feasibility of GCSC-targeting therapies through inhibiting stemness-associated genes, which may pave way for its clinical application. These investigations of
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IDeNTIfICATION AND ISOlATION Of GCSCS
Identification and isolation of GCSCs is critical to exploring the underlying mechanisms and functions thereof. The development of experimental techniques has ushered in several methods of use in the isolation of GCSCs from tumor cells. Several studies have suggested that, when cultured in serumfree suspension culture medium supplemented with growth factors, cancer stem cells can form spheroid cells and maintain self-renew characteristics, whereas non-CSCs cannot survive. Sphere-forming assay is regarded as a convenient way to obtain CSCs, as spheroid cells exhibit stemness properties, such as extensive proliferation, persistent self-renew, and increasing expression of CSC-related genes (e.g., CD44, OCT4, Sox2, ABCG2, and Nanog). [15] [16] [17] However, as a result of the lack of stimulus from the microenvironment, the properties of stem cells may change in the sphere-forming process. Side population (SP) cell isolation using flow cytometry is feasible for enriching GCSCs, based on the CSC property of spitting out the nucleic acid dye Hoechst 33342, which can emit fluorescence at specific wavelengths when stimulated by ultraviolet light. 18 SP cells in GC cells appear to be more resistant to 5-fluorouracil (5-FU) and doxorubicin and to show increased tumor initiating capacity after transplanted in immune-deficient NOG mice. 19 However, it is worth noting that Hoechst 33342 is toxic to cells, which may negatively affect the accuracy of experiments. Xue, et al. 20 reported that vincristine-preconditioned GC cells exhibit significantly increased tumor sphere formation ability (tumor formation ability in vivo and differentiation ability in vitro), as well as increased expression of stemness associated genes, such as CD44, Sox2, Oct4, and Musashi-1. This indicates that vincristine treatment may be used to enrich GCSCs.
Several GCSC-specific cell surface markers have been applied to isolate GCSCs through fluorescence-activated cell sorting (FACS) or magnetic-activated cell sorting. Despite controversy regarding the specificity of markers in isolating GCSCs, increasing evidence has confirmed the feasibility of surface markers for enriching GCSCs. CD44 was the first GCSC surface marker identified in GC cells, playing a critical role in tumor cell response to their microenvironment. According to research, 2×10 4 22 reported that concurrent CD44/CD24 expression may be used for enriching CSCs in GC, as CD44+/CD24+ cancer cells possess the abilities of self-renewing, producing differentiated progeny, and higher tumorigenesis, compared with CD44-/CD24-counterparts. Additionally, CD44+/CD54+ GC cells derived from human GC tissue have been shown to be capable of self-renew and to show increased tumor formation ability in immunodeficient mice. CD44+/CD54+ cells isolated from peripheral blood-derived, CD44+, spheroid GC cells also show increased self-renewal ability, indicating that CD44+/ CD54+ could be used for identifying GCSCs both in tumor tissues and in peripheral blood. 23 The RNA-binding protein Musashi-1 plays a critical role in maintaining the undifferentiated state of stem cells, 24 and concurrent Musashi-1/CD44 expression can also be used for enriching GCSCs. Xu, et al. 25 reported CD44/Musashi-1 as GCSCs-enriching surface markers and demonstrated that CD44+/Musashi-1+ GC cells exhibit increased levels of proliferation, self-renew ability, and drug resistance. EpCAM, combined with CD44, can also be used for enriching GCSCs. 26 Several other molecules, such as CD90, CD71, CD133, and lgr5, have also been reported to possess the potential to be candidate surface markers for GCSCs.
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ReGUlATION Of GCSCS STeMNeSS pROpeRTIeS bASeD ON pROTeIN-CODING GeNeS
Several aberrantly expressed mRNAs and proteins in GCSCs appear to play vital roles in GCSCs maintenance. CD44, which is regarded as a stem cell-surface marker, also serves as a driving factor in the development of GCSCs. Zhang, et al. 30 defined a p-ERK mediated positive feedback loop between CD44 and Oct4 in GCSCs that was engaged in the maintenance of stemness properties of GC cells, such as drug resistance, higher tumorigenicity, and metastasis ability. Meanwhile, CD44 variant (CD44v) generated through alternative mRNA splicing also contributes to maintenance of GC cells. xCT, a light-chain subunit of cystine-glutamate exchange transporter, plays an essential role in intracellular redox balance through determining cystine uptake and glutathione synthesis. 31 Ishimoto, et al. 32 reported that CD44v can interact with and stabilize xCT to increase intracellular glutathione content, in turn contributing to increased resistance of GC cells to oxidative stress. In clinical research, patients with advanced GC who were treated with sulfasalazine, an inhibitor of xCT, showed reduced levels of CD44v-positive stem-like cells, indicating the possibility that administration of sulfasalazine, in combination with chemotherapies, may improve the prognosis of GC patients. 33 Another stemness-associated mRNA-Sox2 is increased in GCSCs and contributes significantly to spheroid colony formation and doxorubicin resistance. 34 The stemness-associated gene BMI1 is overexpressed in spheroid cells from SGC7901 and MKN45 cell lines. BMI1 shares a positive correlation with several stem cell markers, such as Oct4, Sox2, Nanog, CD44, and CD133. BMI1 exerts its positive regulatory effects on stemness properties through Akt/NF-κB signal pathway-mediated miR-21 activation. 35 It was reported that knock-down of ubiquitinspecific protease 22 (USP22) can be an effective approach to inhibit GC stem cell properties through downregulating BMI1 expression, as USP22 can stabilize BMI1 protein to increase GC stem cell properties. 36 Various studies have defined the regulatory role of classic stemness-associated signal pathways in the maintenance of GCSCs (Fig. 1) . The significant role of the Wnt/β-catenin pathway in maintaining stemness properties is gaining increasing attention. 37 It was reported that SLC34A2-induced activation of Wnt/β-catenin signaling was responsible for the self-renewal of CD44+ GCSCs and chemo-resistance. Further investigation showed that SLC34A2 promotes miR-25 expression via binding to the promoter region of miR-25, which could directly inhibit GSK3β expression and further activate Wnt/β-catenin signaling. 38 The Notch1 signaling pathway has been found to be activated in CD44+ GC cells. The inhibition of Notch1 by γ-secretase can further suppress self-renewal, tumor-initiating, and migration abilities of CD44+ GC cells, as well as chemotherapy resistance, indicating that Notch1 signaling is essential for the maintenance of GCSCs. 39 The Sonic Hedgehog pathway, which is essential for maintenance of stemness properties, 40 is activated in CD44+/Musashi-1+ GC cells. It can induce activation of the GLI1/ABCG2 pathway, further contributing to increased self-renew ability and resistance to doxorubicin. 25 GLI1 expression also contributes to GCSCs' intrinsic tolerance of CDDP through transcriptional activation of ABCG2. 41 Genetically or pharmacologically inhibition of Hedgehog has been found to decrease stem cell-like properties, such as spheroid colony formation, anchorage-independent growth, and chemotherapy resistance. 42 
The DIveRSe ReGUlATORy ROleS Of NCRNA IN GCSCS STeMNeSS pROpeRTIeS
Non-coding RNAs (ncRNAs), which do not possess proteincoding potential, are briefly classified into two categories: small RNA with no more than 200 nucleotides and long non-coding RNA (lncRNA) that are longer than 200 nucleotides. 43, 44 Accumulating evidence has demonstrated the regulatory function of microRNA (miRNA) in GC stem cells (Table 1) . Using miRNA microarray analysis, Zhang, et al. 45 defined the differential miR-NA expression patterns between FACS-sorted SP and major population cells in MKN-45 cells. miRNA expression patterns between the spheroid body-forming cells and the parental cells of the MKN-45 cell line also exhibited significant differences. 
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Some target genes of these miRNAs are associated with pivotal signal pathways of stemness regulation, such as TGF-β/ Smad, Wnt/β-catenin, and Notch signal pathways. 46, 47 This evidence indicates that dysregulated miRNAs expression also participates in the regulation of GCSC stemness properties.
miR-196-5p, which is upregulated in CD44+ GCSCs, has been shown to strengthen the self-renewal ability of CD44+ cells through directly inhibiting Smad4 expression by targeting 3'-UTR of Smad4. 48 Yu, et al. 47 also reported the critical role of miR-106b in the maintenance of stemness properties of GC cells by activating the TGF-β/Smad signaling pathway. Several miRNAs reportedly exert regulatory effects on GCSCs through the Wnt/β-catenin pathway. For instance, miR-483-5p can promote growth and self-renewal of GCSCs through activation of the Wnt/β-catenin pathway. 49 miR-501-5p activates Wnt/ β-catenin signaling by directly downregulating DKK1, NKD1, and GSK3β expression, contributing to enhanced stemness properties of GC cells. 14 The expression of miR-19b, miR-92a, and miR-20a gradually decrease during the differentiation of CD44+/EpCAM+ GC sphere-forming cells. miR-19b/20a/92a have been found to significantly strengthen drug resistance in GCSCs, as well as self-renewal capability and tumorigenicity. The possible underlying mechanism thereof may be that miR19b/20a/92a can directly inhibit two Wnt pathway inhibitors, E2F1 and HIPK1, further activating the Wnt/β-catenin pathway. Interestingly, analyzing the expression level of miR-92a in stomach tissue of 97 GC patients has demonstrated that miR92a could act as an independent prognosis factors in GC. 50, 51 Meanwhile, the Notch signaling pathway can also be modulated by miRNA, further regulating stemness properties of GCSCs. N2IC is the activated form of Notch2 receptor, which can enhance gastric carcinogenesis through upregulating cyclooxygenase-2. 52 Huang, et al. 53 outlined the negative reciprocal regulation loop between N2IC, Ets1, and miR-23b in GCSCs, which plays an important role in regulating stemness properties. Through inactivating N2IC and Ets1, miR-23b can inhibit tumor sphere formation ability and decrease the expression of pluripotency genes, including CD44, Nanog, and SOX2. The converse effect may be achieved by overexpression of N2IC and Ets1, which can stimulate the expression of E2F1, further leading to the inhibition of miR-23b.
Numerous studies have demonstrated the role of CSCs in drug resistance, which is regarded as a stem-like property. 54, 55 ABCG2, which is responsible for the maintenance of stem cells through SP regulation for its role in exclusion of Hoechst 33342 dye, contributes to drug resistance in GC. 56 miR-132 can strengthen the drug resistance of lgr5+ GCSCs to cisplatin, as miR-132 can maintain activation of CERB by directly inhibiting SIRT1 expression, finally leading to the increased expression of ABCG2.
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As a member of ncRNA, lncRNA manipulates gene expression in cis and trans manners by interacting with DNA, RNA, and protein to regulate chromatin remolding, alternative splicing processes, and transcriptional machinery assembly. 57 Wang, et al. 58 reported the regulatory effect of lncRNA regulator of reprogramming (ROR) in GCSCs. Overexpressed in CD133-positive GCSCs, lncRNA ROR promotes proliferation and invasion of GSCSs, accompanied by increased expression of stemness genes, such as OCT4, SOX2, and NANOG.
The ReGUlATORy ROle Of MICROeNvIRONMeNT STIMUlI IN GCSCS STeMNeSS pROpeRTIeS
The special microenvironment in which CSCs reside is called the CSC niche (Fig. 2) , and stromal cells in the CSC niche play a significant role in the maintenance of the CSC state. 59 The interaction between cancer cells and microenvironment may be achieved through complex paracrine and autocrine mechanisms, and disrupting these interactions can result in aberrant cell functions. It was reported that cancer-associated fibroblasts (CAFs) can stimulate stemness properties in GCSCs from the scirrhous GC cell line OCUM-12. Culture media from CAFs has been found to significantly increase the percentage of SP fractions and to upregulate the expression of ABCG2, CD44, Nanog, and Oct4. Research has shown that subcutaneous inoculation of 1.5×10 4 OCUM-12/SP alone does not result in tumor formation, while co-inoculation of 1.5×10 4 OCUM-12/SP with CAFs results in tumor formation in mice, indicating the increased tumorigenicity of OCUM-12/SP when co-inoculated with CAFs. 60 Furthermore, adipose-derived stromal cells, a type of endocrine tissue, are also reported to promote chemo-sensitivity to 5-FU in CD44+ GCSCs; moreover, the colon formation of CD44+ non-adherent cancer cells were significantly reduced when co-cultured with ADSCs in 5-FU containing soft agar gel. 61 Microenvironment stimuli, such as TGF-β, can promote the dedifferentiation of non-CSCs to cells with increased stemness properties. 62 Wei, et al. 63 demonstrated a similar effect for isoproterenol (stress-associated hormone) in GC cells. Isoproterenol contributes to the stemness properties of GCSCs by inducing activation of STAT3, and STAT3 further suppresses miR-373 expression by binding to its promoter, which consequently increases CD44 expression. Hypoxia is also reported to regulate stem cell differentiation and self-renewal by inducing a set of transcriptional responses and to generate a more aggressive tumor phenotype. This effect is primarily attributed to transcriptional factor hypoxia-inducible factors (HIF). 64, 65 Miao, et al. 66 defined an important role of the hypoxic microenvironment in peritoneal milky spots (PMS) in controlling the GC stem cell phenotype during the peritoneal dissemination process. The presence of an elevated GCSCs ratio in the GCC population, shown as enhanced expression of GCSCs-related markers lgr5 and CD44, was confirmed in the hypoxic PMS. Retardance of the regulation of hypoxic microenvironment to GCSCs or decreased expression of HIF-1α in GCSCs cells alleviated GC peritoneal dissemination. All of these indicate that hypoxic PMSs serve to favor GCSC engraftment and self-renewal, further inducing GC peritoneal dissemination through the regulation of HIF-1α. 66 Helicobacter pylori infection is regarded as a major pathogenic factor for GC. 67 It is reported that CagA-positive H. pylori strains also contribute to the induction of CSC-like properties of GC by activating Wnt/β-catenin signaling. CagA-positive H. pylori-infected GC cells exhibit increased spheroid formation ability, as well as increased expression of Nanog, Oct4, lgr5, and CD44. Immunofluorescence stain and luciferase reporter assay confirmed that CagA-positive H. pylori can induce nuclear accumulation of β-catenin and enhance its transcriptional activation, which is essential for the maintaining of stemness properties of GCSCs.
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GCSCS TARGeTING ANTICANCeR TheRApy
The frequent recurrence of GC may be a result of anti-cancer therapy that primarily targets non-GCSCs. 69 For their role in drug resistance and tumor metastasis, CSCs contribute significantly to the dismal outcomes of cancer treatment. Cancer therapies that target critical molecules in CSC maintenance appear to be theoretically feasible in diminishing GCSCs to improve the outcome of GC patients. 70 Several novel therapies targeting stemness-associated genes have been proposed for specifically eradicating GCSCs (Fig. 3) .
Nanotechnologies may contribute to cancer prevention, diagnosis, and treatment due to their unprecedented capability of loading diagnostic and therapeutic compounds at specific sites. [71] [72] [73] Due to the critical role of CD44 in GCSCs, antibodyguided therapy targeting CD44 seems to be an effective anticancer strategy. Compared with CD44, its variant isoform CD44v6 has much more restricted distribution in vivo, and several CD44v6-spcecific antibodies have been tested in clinical phase I trials, demonstrating favorable biodistribution and excellent tumor targeting effect. [74] [75] [76] Liang, et al. 77 reported that gold nanostars (GNSs)-based PEGylated and CD44v6 monoclonal antibodies-conjugated nanoprobes (GNS-PEG-CD44v6) show excellent biocompatibility, specific affinity to GCSCs, and photothermal conversion efficiency. Synthetic GNS-PEGCD44v6 may induce CD44-positive GCSCs clearance by interfering with the function of molecular CD44, exerting regulatory effects on tumor formation. Mice with GC xenograft subcutaneous tumors were injected with 150 μL of GNS-PEG-CD44v6 and then were exposed to near-infrared laser irradiation every two days for two weeks, demonstrating reduced tumor volumes, compared with the control group. These indicate the potential application of GNS-PEG-CD44v6 in GCSCs targeting therapy. Contemporary epigenetic tools, RNA interference-inducing small molecules, are also under development to suppress stemness-associated genes expression. miR-34a, which is often downregulated in tumor tissue, is a negative regulator of CD44. 78, 79 Nanovesicle-mediated PLI/miR-34a (NVs/miR-34a) delivery systems were shown to greatly increase delivery efficiency in vivo, as well as CD44 knockdown effects in GC cells with favorable biocompatibility. Compared with PLI/miR34a, treatment with NVs/miR-34a significantly suppressed CD44 expression and induced apoptosis of tumor cells in vivo, a promising anti-tumor effect, via targeting GCSCs with a nanoscale stable, miR-34a delivery system. 80 Co-delivery of nucleic acid and anticancer drugs also seems to be a promising method to diminish CSCs and non-CSCs. The stable gelatinases-stimuli nanoparticles containing miR-200c and docetaxel (DOC) showed superior tumor cell targeting ability and synergistic antitumor effects. Treatment with miR-200c/DOC nanoparticles was found to improve E-cadherin expression and to decrease CD44 expression, lowering tumor formation capacity. 81 Adenoviral vector carrying Bmi-1 shRNA can selectively silence Bmi-1 expression, suppressing self-renewing ability and chemotherapy resistance in GC cells. Despite the direct inhibitory effect on tumor activity, adenoviral vector carrying Bmi-1 shRNA can also indirectly suppress tumorigenesis though inhibiting angiogenesis via modulating the PTEN/ Akt/VEGF pathway. 82 Apart from specifically targeting antigens or signaling pathways that significantly contribute to the self-renewing ability of GCSCs, differentiation therapy is also a promising strategy to inhibit CSCs proliferation by helping them differentiate into their no longer tumorigenic terminal progeny. ATOH1, a basic helix-loop-helix transcription factor, plays an essential role in inducing the differentiation of intestinal epithelial cells. 83 Han, et al. 84 reported that the expression of ATOH1 is markedly increased during the differentiation of GCSCs. Lentivirus-mediated overexpression of ATOH1 in GCSCs decreases the expression levels of various stemness genes, accompanied with increased expression of various differentiation markers, which in turn decreases sphere formation ability of GCSCs in vitro, as well as tumor formation ability in vivo. This result suggested the potential application of ATOH1 as a differentiation therapy to eradicate GCSCs. All-trans retinoic acids (ATRA), firstly introduced in the late 1980s to treat acute promyelocytic leukemia, have also been shown to be effective in inducing the differentiation of GCSCs, reflected as increased expression of gastric epithelial differentiation markers, such as cytokeratins, Mucin 6, and TFF3, as well as decreased expression of stemness-associated genes after ATRA treatment in tumorspheres. Flow-cytometry analysis also revealed significant decreases in the percentage of CD44+ and ALDH+ cells. ATRA-pretreated tumorspheres do not generate tumor growth when injected into immunodeficient NSG mice. Tumor-bearing mice were found to show noticeably inhibited tumor growth when treated with 33 μmol/kg of ATRA; meanwhile, GC cells isolated from the remaining treated tumors formed fewer tumorspheres in vitro, suggesting a decrease in the number of CSCs as a result of ATRA treatment. All these indicate that ATRA may be used to induce differentiation of GCSCs to eliminate GCSCs. 85 In addition to the above, inhibiting GCSCs by impairing crosstalk between GCSCs and their microenvironment should be highlighted. Several studies have proposed the possibility of antiangiogenic drugs being applied to arrest tumor growth by disrupting supportive vascular niche-based microenvironment, which is essential for the maintenance of CSCs, and to help overcome traditional chemotherapy resistance. 86, 87 However, whether this therapy is applicable in eradicating GCSCs remains largely unknown, and further experimentation regarding microenvironment-based GCSCs targeting therapies, especially anti-angiogenesis therapy, is in urgent need.
CONClUSION
Great achievements have been made in determining the molecular mechanisms involved in GCSC maintenance. Stemness-associated mRNAs, proteins, ncRNAs, and the tumor microenvironment play crucial roles in regulating stemness properties and exhibit the potential to be applied as prognosis markers or specific targets for GC patients. However, there is still a need for better understanding of regulatory mechanisms related with the fact that CSCs remain in a dynamic state that is influenced by their interaction with the tumor microenvironment. Further comprehension of the interactions between CSCs and its niche may provide valuable clues on CSCs-targeting therapies. Accumulating evidence has demonstrated the critical roles of GCSCs in drug resistance, tumor metastasis, and relapse. Stemness-associated genes, which contribute to the development of CSCs, are also closely correlated with unfavorable outcomes in GC patients. These studies indicate the importance of GCSCs in GC, and targeted elimination of GCSCs seems to be a promising method with which to improve the outcome of patients with malignant disease. Differentiation therapies, nanotechnology, and contemporary epigenetic tools-based therapies, specifically targeting protein-coding genes or ncRNAs, which are essential to the maintenance of GCSCs stemness properties, appear to hold promising value in inhibiting GCSCs. Future studies are needed to evaluate their in vivo effects and to determine whether they can improve GC patient prognosis. A recent study demonstrated the critical role of lgr5+ CSCs in the development and maintenance of colorectal cancer-derived liver metastases. Targeting lgr5+ CSCs may achieve great effects in inhibiting liver metastases, although merely diminishing CSCs is not enough to lead to primary tumor regression. 88 This indicates that the combination of traditional treatment with CSCs-targeting therapy may be a reasonable strategy with which to reduce drug resistance, re-currence, and metastasis and to improve the prognosis of patients with cancer. However, there is still much work to be done in order to achieve clinical application of GCSC targeting therapies. Moreover, further work is needed to identify biomarkers that can better identify patient subpopulations who show upregulated CSC pathways, and these patients are more likely to respond to combined therapies of CSC-targeting drugs with chemotherapies. Additionally, normal stem cells share some stemness-associated genes in common with GCSCs, and how to selectively target GCSCs without affecting normal tissue stem cells is still a great conundrum and remains to be explored in further studies.
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